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Edited by Vladimir SkulachevAbstract Acute ethanol loading causes oxidative stress to acti-
vate cell-death signaling via c-Jun NH2-terminal kinase (JNK)
in livers. JNK are stimulated under conditions of endoplasmic
reticulum (ER) stress which causes programmed cell death.
However, no remarked cell death was observed in acute ethanol
intoxication. Akt, one of the cell survival protein kinases, may be
activated under ethanol loading. The aim of this study was to
estimate activation of JNK and ER stress, role of ethanol metab-
olism on the activation, and association of JNK with Akt under
acute ethanol loading using the perfused rat liver system. Activa-
tion of JNK or Akt and association of JNK and Akt with JNK
interacting protein 1 were estimated by immunoprecipitation and
immunoblotting. Expression of 78 kDa glucose-regulated protein
(GRP78) mRNA, a biomarker of ER stress, was detected by
quantitative real-time RT-PCR. Activations of JNK and Akt
were enhanced by co-treatment with ethanol and a classical
inhibitor of alcohol dehydrogenase (ADH). Addition of an anti-
oxidant reduced the activation of JNK. Ethanol loading with
ADH inhibition causes down-regulation of GRP78 mRNA lev-
els. Therefore, these ﬁndings suggest ﬁrst revelation that inhibi-
tion of ethanol metabolism complicates oxidative and ER
stresses produced by ethanol.
 2005 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
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Oxidative stress plays a key role in the pathogenesis of
alcoholic liver injury. Chronic alcohol consumption induces
expression of cytochrome P450 2E1 (CYP2E1), leading to
increase of oxidative stress [1,2]. In contrast, acute alcohol
loading causes oxidative stress via both alcohol metabolismAbbreviations: 4-MP, 4-methyl pyrazole; ADH, alcohol dehydroge-
nase; CYP2E1, cytochrome P450 2E1; DAS, diallyl sulﬁde; ER, end-
oplasmic reticulum; GRP78, 78 kDa glucose-regulated protein; GRP,
glucose-regulated protein; JIP1, JNK interacting protein 1; JNK, c-Jun
NH2-terminal kinase; KHS, Krebs–Henseleit bicarbonate-buﬀered
solution; MDA, malondialdehyde; NAC, N-acetyl cysteine; ROS,
reactive oxygen species; TBA, thiobarbituric acid
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doi:10.1016/j.febslet.2005.11.030dependent [1] and independent pathway [2–5] in the liver.
Oxidative stress activates the c-Jun NH2-terminal kinase
(JNK), a protein kinase leading to cell death [6]. Acute etha-
nol loading was shown to activate JNK and activator-protein
1 in rat hepatocytes ([7,8]; Matsumoto et al., in submission)
and in pancreatic stellate cells [9,10]. On the other hand,
the endoplasmic reticulum (ER) plays an essential role in
the biosynthesis of proteins destined for secretion or mem-
brane insertion in cells [11–13]. Alternations in ER homeosta-
sis trigger the onset of adaptive ER stress response
characterized by induction of glucose-regulated proteins
(GRPs) [14]. Acute ethanol loading induces expression of
GRPs [15]. Therefore, ER stress may relate acute ethanol
loading to JNK activation. However, what primes activation
of JNK by ethanol still remains unclear.
Some reports have demonstrated that acute ethanol con-
sumption induced DNA fragmentation [16,17]. However, in
these studies, cell exposure with high concentration of ethanol
was performed, and apoptotic cell death was not remarkably
observed. Therefore, any other signaling pathways may regu-
late ethanol-induced JNK activation. Akt is a downstream
kinase of PI3K, one of the survival signaling pathways [18].
It has been reported that ethanol activates PI3K–Akt pathway
[19]. Consequently, ethanol-activated JNK may be regulated
by ethanol-induced phosphorylation of Akt. Recently, it was
reported that Akt1 was associated with JNK interacting pro-
tein 1 (JIP1) [20]. JIP1 is a scaﬀold protein that assembles spe-
ciﬁc JNK pathway kinases to activate JNK [21]. JIP1 is
expressed predominantly in brain and pancreatic b-cells and
is also expressed in the liver [22]. Therefore, ethanol-stimulated
active Akt1 may inhibit accumulating JNK activation by eth-
anol via its association with JIP1.
The aim of this study was to clarify the mechanisms of JNK
activation induced by acute ethanol loading and the role of
JIP1 in the JNK activation in the liver. First, we conﬁrmed
the activation of JNK and Akt by ethanol and clariﬁed the role
of alcohol metabolism in activation of JNK and Akt in per-
fused rat liver. Second, we showed that oxidative stress and
ER stress were related to JNK activation. Third, we found
the association of Akt and JNK with JIP1 under acute ethanol
loading and the role of its association in the JNK activation.2. Materials and methods
2.1. Materials
Anti-JNK1 (C-17) antibody, anti-Akt1 (C-20) antibody, anti-JIP1
(M-300) antibody, and horseradish peroxidase (HRP) labeled anti-
goat IgG antibody were obtained from Santa Cruz Biotechnologiesblished by Elsevier B.V. All rights reserved.
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Akt antibody, HRP-labeled anti-rabbit IgG antibody, and GSK-3 fu-
sion protein were obtained from Cell Signaling Technology (Beverly,
MA, USA). Protein G agarose and c-Jun (1-169)-GST were obtained
from Roche Applied Science (Mannheim, Germany) and Upstate Bio-
technology (Lake Placid, NY, USA), respectively. 4-Methyl pyrazole
(4-MP) and diallyl sulﬁde (DAS) were obtained from Nacalai Tesq
Inc. (Kyoto, Japan). All other chemicals were purchased from Kanpan
Techno Inc. (Sapporo, Japan).
2.2. Perfused rat livers
All experimental procedures were approved by the Guideline for Ani-
mal Experimentation of Sapporo Medical University. Male Wistar rats
(about 250 g) were from Sankyo Lab Service Co. Ltd. (Sapporo, Ja-
pan). All rats were allowed free access to the laboratory chow and
tap water. The animals were fasted for 12 h before the experiment. Rats
were anaesthetized by intraperitoneal injection of pentobarbital (50 mg/
kg body weight). The liver was excised and perfused with hemoglobin-
and albumin-free Krebs–Henseleit bicarbonate-buﬀered solution
(KHS; 118 mM NaCl, 4.7 mM KCl, 1.2 mM KH2PO4, 1.2 mM
MgSO4, 2.5 mM CaCl2, 25 mM NaHCO3, and 11.0 mM glucose, pH
7.4, 37 C) and saturated with 95% O2–5% CO2 mixed gases as de-
scribed previously [22,23]. KHS was pumped through the liver with a
peristaltic pump at a constant ﬂow rate of 36 ml/min in a single pass
mode while the input perfusion pressure was monitored [23]. The perfu-
sion ﬂow rate, pH, PCO2, and PO2 in the inﬂuent and eﬄuent were
monitored throughout, and the oxygen consumption of the liver was
estimated [24]. After 20-min perfusion for the liver to stabilize, the treat-
ment was performed. Perfusion with KHS for an additional 20 min was
performed as a control. Livers were perfused with KHS containing
50 mM ethanol for 20 min. To estimate the eﬀect of ethanol metabo-
lism, we used two inhibitors, 4-MP (an inhibitor of alcohol dehydroge-
nase (ADH) and CYP2E1) and DAS (an inhibitor of CYP2E1) [25].
4-MP or DAS was added to KHS with a ﬁnal perfusate concentration
of 4 mM or 1 mM, respectively, which was perfused from 15 min before
ethanol loading. To estimate the eﬀect of oxidative stress, 5 mM N-ace-
tyl cysteine (NAC), an antioxidant, was added from 15 min before
ethanol loading. To detect the eﬀect of osmotic stress, we perfused
the liver with KHS containing 50 mM mannitol for 20 min. After per-
fusion, the liver was immediately removed and stored at 80 C.
2.3. Immunoblotting
Liver fractionation was performed as described previously [21]. The
liver sample (0.5 g) was homogenized on ice in 2.5 ml TKM buﬀer
(50 mM Tris–HCl, pH 7.5, 25 mMKCl, 0.32 M sucrose, 5 mMMgCl2,
1 mM dithiothreitol [DTT], 1 mM phenyl methyl sulfonyl ﬂuoride
[PMSF], and 1 mM Na3VO4). The homogenate was centrifuged at
600 · g for 10 min. The supernatant was centrifuged again at
7000 · g for 10 min. The supernatant was collected and its protein con-
centration was determined using the Bio-Rad protein assay (Bio-Rad,
Hercules, CA, USA), and it was stored at 80 C as cytosolic extracts.
Cytosolic extracts (containing 1 mg protein) were immunoprecipitated
with 2 lg of antibodies (anti-JIP1, anti-JNK1, anti-Akt1, or anti-phos-
pho-Akt) followed by 50 ll of protein G agarose. Pellets were washed
four times with washing buﬀer (50 mM Tris–HCl, pH 7.4, 150 mM
NaCl, 1% NP-40, 1 mM EDTA, 1 mM PMSF, and 1 mM Na3VO4).
Cytosolic extracts (containing 5 lg protein) or immunoprecipitates
were loaded onto 7.5% SDS–PAGE gels. After electrophoresis, the
proteins were transferred to polyvinylidene diﬂuoride membranes
(Amersham Biosciences Corp., NJ, USA) by a semi-dry wet Western
apparatus. The amounts of JIP1, JNK1, and Akt1 were determined
with anti-JIP1, anti-JNK1, and anti-Akt1 antibodies, respectively,
diluted 1:500 in PBS-T (1· PBS, 0.1% Tween 20) containing 1%
non-fat milk. The phosphorylation status for JNK or Akt1 was deter-
mined by immunoblotting analysis with phospho-speciﬁc antibodies,
diluted 1:500 in TBS-T (20 mM Tris–HCl, pH 7.6, 143 mM NaCl,
and 0.1% Tween 20) containing 5% bovine serum albumin. Immunore-
active bands were visualized using ECL detection (Amersham Biosci-
ences, NJ, USA) and were determined by autoradiography.
2.4. Protein kinase assay
Immunoprecipitates were washed three times with kinase reactive
buﬀer (25 mM Tris–HCl, pH 7.5, 2 mM DTT, 0.1 mM Na3VO4, and
10 mM MgCl2). One lg of c-Jun (for JNK activity) or GSK-3 fusionprotein (for Akt activity) and ATP mixture (25 lM ATP and 10 lCi
[c-32P]ATP) were added to the pellets and incubated at 30 C for
30 min. The addition of SDS protein loading buﬀer terminated
the reactions. After centrifugation, the supernatant was loaded onto
15% SDS–PAGE gels. The radioactivity on the gel was detected by
autoradiography.2.5. Quantitative real-time RT-PCR
Quantitative real-time RT-PCR was performed as described previ-
ously (Fujii et al., in submission) with some modiﬁcation. Total
RNA was isolated from the liver using TRIzol reagent (Invitrogen
Corp., Carlsbad, CA, USA) according to the manufacturers instruc-
tion. After treatment of deoxyribonuclease I (Invitrogen), total RNA
was reverse transcribed to cDNA using SuperScript II reverse trans-
criptase (Invitrogen) and oligo(dT)12–18 primer (Invitrogen). Primer
sequences were as follows: rat b-actin forward primer, 5 0-
AAGTCCCTCACCCTCCCA AAAG-30; rat b-actin reverse primer,
5 0-AAGCAATGCTGTCACCTTCCC-3 0; rat 78-kDa glucose-regu-
lated (GRP78), a biomarker of ER stress [12,13], forward primer,
5 0-AGCCCACCGTAACAATCAAG-3 0; rat GRP78 reverse primer,
5 0-TCCAGCCATTCGATCTTTTC-3 0. Real-time PCR was conducted
using DNA Engine Opticon System (MJ Research Inc., CA, USA) in
20 ll reaction mixture containing 10 ll of SYBR Premix Ex Taq (Ta-
kara Bio Inc., Otsu, Japan), 4 pmol of forward primer, 4 pmol of re-
verse primer, and 40 ng of cDNA. Ampliﬁcation parameters
consisted of an initial denaturation at 95 C for 10 s and 50 cycles of
three-step PCR (a denaturation at 95 C for 5 s, an annealing at
62 C for 20 (b-actin) or 40 s (GRP78), and an extension at 72 C
for 15 s). Expression levels of the house keeping gene b-actin were used
to control for diﬀerences in loading and cDNA synthesis eﬃciency be-
tween samples. The expression levels of GRP78 mRNA were displayed
as the cycle of threshold (Ct) value normalized to the b-actin mRNA
value. To determine the relationship between Ct values and mRNA
levels, primers were calibrated by using serial dilutions of cDNA.
We conﬁrmed good correlations between Ct values and cDNA dilu-
tions in both primer sets.2.6. Malondialdehyde (MDA) assay
MDA formation was used to quantify the lipid peroxidation in tis-
sues and measured as thiobarbituric acid (TBA)-reactive material
[26,27]. Livers were homogenized (100 mg/ml) in 1.15% KCl buﬀer.
Homogenates (0.5 ml) were then added to 1 ml of reaction mixture con-
sisting of 15% (w/v) trichloroacetic acid, 0.375% (w/v) TBA, and 0.25 N
HCl. Mixtures were heated at 95 C for 15 min. After cooling to room
temperature, the samples were centrifuged at 1500 · g for 10 min. The
absorbance of supernatants was measured at 532 nm by using 1,1,3,3-
tetraethoxypropane as an external standard. The level of lipid peroxides
was expressed as nanomoles MDA per milligram of protein.2.7. Statistical analysis
Quantitative analysis of each band was performed by densitometry
using Scion Image software (Scion Image Beta 4.02 Win, Scion Corpo-
ration, Frederick, Maryland, USA). Results are expressed as
means ± S.D. (n = 3–5 rats). Statistical analysis was performed using
one-way ANOVA with Dunnets test. A P value <0.05 was considered
statistically signiﬁcant.3. Results
3.1. Eﬀects of ethanol on the phosphorylation of JNK and Akt
(Fig. 1)
Figs. 1A and B show the phosphorylation of JNK by etha-
nol loading. JNK phosphorylation was remarkably increased
under co-treatment with 4-MP and ethanol (16.2 ± 8.4-fold
compared with the control, P < 0.01). Phosphorylation of
JNK was not detected under ethanol, 4-MP, or co-treatment
with DAS and ethanol. Figs. 1A and C show the phosphoryla-
tion of Akt by ethanol loading. Akt phosphorylation was
remarkably increased under co-treatment with ethanol and 4-
Fig. 2. Levels of MDA in the liver (nmol/mg protein). MDA was
measured by absorptiometric method as the TBA derivative. The
1,1,3,3-tetraethoxypropane was used as an external standard. There
was no signiﬁcant diﬀerence among groups. The graph shows
means ± S.D.
Fig. 3. Expression of GRP78 mRNA under ethanol loading. The
amount of GRP78 mRNA was analyzed by quantitative real time RT-
PCR using total RNA from perfused rat liver. The b-actin was used as
a control. Graph shows the relative ﬂuorescence level of GRP78 to
b-actin. Signiﬁcant statistical diﬀerence is shown for comparison with
control (*, P < 0.01). The graph shows means ± S.D.
Fig. 1. Phosphorylation of JNK and Akt under ethanol loading in
perfused rat liver. Livers were perfused with KHS containing 50 mM
ethanol (EtOH) for 20 min. Prior to ethanol loading, livers were
pretreated with inhibitors of alcohol metabolism, 4 mM 4-MP or
1 mM DAS, or pretreated with 4 mM 4-MP and 5 mM NAC, anti-
oxidant. Livers were also perfused with 50 mM mannitol instead of
ethanol for 20 min. (A) The amount of phosphorylated JNK (p-JNK),
total JNK1 (JNK1), phosphorylated Akt (p-Akt) and total Akt1
(Akt1) were measured by Western blotting analysis. (B) JNK activity
(p-JNK/JNK1) was measured by digital image analysis of Western blot
signals. (C) Akt activity (p-Akt/Akt1) was measured by digital image
analysis of Western blot signals. For B and C, signiﬁcant statistical
diﬀerences are shown for comparison with control (*, P < 0.05;
**, P < 0.01) and comparison with co-treatment of 4-MP and ethanol
(, P < 0.05). Graphs show means ± S.D.
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Phosphorylation of Akt was not revealed under ethanol, 4-
MP or co-treatment with ethanol and DAS. 4-MP inhibits
both ADH and CYP2E1 activities, and DAS inhibits the
CYP2E1 activity [24]. Therefore, these ﬁndings indicate that
JNK and Akt activation are enhanced by ADH inhibition in
perfused rat liver. To examine whether activation of JNK
and Akt by ethanol under ADH inhibition was due to oxida-
tive stress, NAC, an antioxidant, was treated. Activation of
JNK by co-treatment with 4-MP and ethanol was signiﬁcantly
reduced to 22.5 ± 13.4% by addition of NAC (Fig. 1B,
P < 0.05). This ﬁnding suggests that JNK is activated by oxi-
dative stress produced by ADH inhibition under ethanol load-
ing in perfused rat liver. Activation of Akt by co-treatment
with 4-MP and ethanol was not aﬀected by NAC (Fig. 1C),indicating that ethanol-induced activation of Akt may not be
caused by oxidative stress. To investigate the role of osmotic
stress, we perfused the liver with 50 mM mannitol. Neither
JNK nor Akt activity was signiﬁcantly altered by mannitol
(Figs. 1B and C). Thus, osmotic stress does not contribute to
the activation of JNK and Akt by ethanol.
3.2. Eﬀects of ethanol on lipid peroxidation
Fig. 2 shows the levels of MDA in the liver to quantify the
lipid peroxidation. Production of free radicals and DNA-reac-
tive aldehydes from lipid peroxidation is known to lead to liver
injury [28]. However, there was no signiﬁcant diﬀerence
amongst the group in this study. Therefore, lipid peroxidation
does not appear to contribute to the activation of JNK and
Akt induced by acute ethanol loading.
3.3. Eﬀects of ethanol on ER stress
Fig. 3 shows relative expression of GRP78, a biomarker of
ER stress, compared with the control. GRP78 expression
was down-regulated under co-treatment with 4-MP and
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mannitol (46 ± 34% of the control, P < 0.05). These ﬁndings
show that osmotic tension induced by ethanol might contrib-
ute to impairment of GRP78 expression. The down-regulation
of GRP78 expression by ethanol was recovered by addition of
NAC. Therefore, both osmotic and oxidative stress might af-
fect GRP78 expression under acute ethanol loading.
3.4. Eﬀects of ethanol on the association of JIP1 with JNK1 or
Akt1
Fig. 4 shows the association of JIP1 with JNK1 or Akt1 eth-
anol loading in the absence or presence of 4-methyl pyrazole
(4-MP). The associations were detected using immunoprecipi-
tation followed by immunoblots. The binding of JIP1 to JNK1
was observed under co-treatment with ethanol and 4-MP
(Fig. 4, top panel, 5.3 ± 2.1-fold compared with ethanol alone,
P < 0.01). To detect the activity of JNK binding to JIP1, we
performed in vitro kinase assay for JNK in immunoprecipi-
tates with anti-JIP1 antibody. Active JNK was not bound to
JIP1 either under ethanol or co-treatment with 4-MP and eth-
anol (Fig. 4, second panel, 0.7 ± 0.7-fold). We conﬁrmed JNK
activation under co-treatment with 4-MP and ethanol by
in vitro kinase assay for immunoprecipitates with anti-JNK1
antibody (data not shown). Therefore, these ﬁndings suggest
that inactive JNK1 may be bound to JIP1 and active JNK
may be kept away from JIP1 in the liver under co-treatment
with 4-MP and ethanol. Immunoblotting analysis for immuno-
precipitates with anti-Akt1 antibody showed that JIP1 was
bound to Akt1 under co-treatment with ethanol and 4-MP
(Fig. 4, third panel, 4.6 ± 2.9-fold, P < 0.05). In vitro kinaseFig. 4. Binding of JNK1 and Akt1 to JIP1. Livers were treated with
50 mM ethanol in the absence or presence of 4 mM 4-MP. Proteins
were immunoprecipitated (IP) with anti-JNK1, anti-Akt1, or anti-
phospho-Akt (p-Akt) antibodies and were immunoblotted (IB) with
anti-JIP1 antibody. Proteins were also immunoprecipitated with anti-
JIP1 antibody and the in vitro kinase assay (KA) was performed to the
immunoprecipitates using c-Jun (a substrate of JNK) or GSK3 (a
substrate of Akt). Total proteins were immunoblotted with anti-JIP1
antibody. Results show three independent experiments under each
condition.assay for Akt showed that Akt binding to JIP1 was activated
(Fig. 4, fourth panel, 4.3 ± 1.5-fold, P < 0.05). We also
conﬁrmed the binding of JIP1 to phosphorylated Akt by
immunoblotting analysis in immunoprecipitates with anti-
phospho-Akt antibody (Fig. 4, ﬁfth panel, 10.0 ± 8.9-fold,
P < 0.01). These ﬁndings suggested that active Akt is bound
to JIP1 in the liver. Equivalent levels of JIP1 protein were con-
ﬁrmed by immunoblotting analysis (Fig. 4, bottom panel,
1.1 ± 0.1-fold). We also examined the binding of Akt and
JNK to JIP1 in the control, but there was no diﬀerence be-
tween control and ethanol treatment (data not shown).4. Discussion
It has been well known that acute ethanol loading produced
reactive oxygen species (ROS) in perfused rat liver [3–5]. Hase-
gawa et al. [3] showed that ROS production was observed both
in the absence and presence of ADH function. They also re-
ported that sinusoidal endothelial cells and Kupﬀer cells might
play an important role in this ROS production in the liver. In
the present study, we obtained the result that treatment of an
antioxidant reduces JNK activation. Therefore, these results
suggest that ethanol-induced JNK activation under ADH inhi-
bition might be occurring via oxidative stress. We also showed
that DAS which inhibits CYP2E1 [28], a source of oxidative
stress [1], did not alter the activity of JNK or Akt. This result
suggests that CYP2E1 plays a minor role in JNK and Akt acti-
vation via acute ethanol perfusion. ADH inhibition may lead to
exposure of excess ethanol in sinusoid, especially, around the
central vein. We previously reported that 4-MP treatment re-
duces ethanol elimination and increases the ethanol concentra-
tion of outﬂow in perfused rat livers [24], supporting the
possibility that the high concentration of ethanol was loaded
in the central vein region (zone 3) under ADH inhibition. Kono
et al. reported that NADPH oxidase plays a pivotal role in pro-
gression of alcoholic liver disease and that NADPH oxidase ex-
ists mainly in Kupﬀer cells of liver [28]. According to these
ﬁndings, ethanol may cause activation of NADPH oxidase in
spite of direct or indirect action. Lipid peroxidation is a free
radical-mediated reaction including ROS and is linked to a vari-
ety of disorders [29]. We showed that there was no signiﬁcant
increment of lipid peroxidation in this study. There is no or very
mild lipid peroxidation when constitutive antioxidant capacity
is suﬃcient to either prevent or repair peroxide lesions [29].
Since we examined the acute eﬀects of ethanol on the liver,
the oxidative stress might not be as severe as to cause the lipid
peroxidation in the present study. Ethanol loading induced os-
motic stress and membrane alterations [30,31]. Since upstream
protein kinases of Akt are linked to membrane receptors [18],
ethanol may increase Akt activation via alternation of mem-
brane. In the present study, mannitol loading which causes os-
motic stress did not alter JNK or Akt activity, leading that
osmotic stress plays a minor role in JNK and Akt activation
via acute ethanol loading in the perfused rat liver. To investi-
gate the role of the ER stress in ethanol loading, we investigated
the induction of GRP78, one of the GRPs induced under ER
stress. Interestingly, we observed the down-regulation of
GRP78 mRNA by ethanol loading under ADH-inhibition
and by isoosmotic mannitol loading. These ﬁndings suggested
that osmotic stress induced by ethanol might lead to the reduc-
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proteins, such as GRPs, were down-regulated under hypertonic
stress. Taken together, osmotic alternation, including ethanol
exposure, might impair the expression of ER stress proteins.
The reduction by ethanol loading was recovered by an antiox-
idant treatment, suggesting that the oxidative stress might be
also responsible for these ﬁndings. Therefore, ER stress may
be related to JNK activation induced by ethanol. Ozcan et al.
[33] reported that ER stress activates JNK, but our data did
not show any obvious relationship between JNK activation
and ER stress response. Oxidative stress and alternation of re-
dox state induce adaptive ER stress response [34,35]. On the
other hand, ER stress response is considered to function against
oxidative stress [13]. Our ﬁndings suggest that ethanol induces
both oxidative and osmotic stress in the liver, especially by inhi-
bition of ethanol metabolism, which phenomena is similar to
treatment with clinical agents or liver injury such as cirrhosis.
We investigated the role of active Akt in association between
JNK1 and JIP1. JIP1 is a scaﬀold protein that is bound to
JNK, MKK7, and mixed linage protein kinases [21,36]. In
the present study, inactive JNK was bound to JIP1 under
co-treatment with ethanol and 4-MP, but active JNK was
not. These ﬁndings suggested that JIP1 may function as an
inhibitor of JNK activation under co-treatment with 4-MP
and ethanol. Recently, Kim et al. [20] reported that Akt1,
which leads to cell survival [18], regulates JNK activity. They
showed that association of Akt1 to JNK interacting protein
1 (JIP1) prevents binding of JNK to JIP1, which inhibits
JNK activation in neurons. JIP1 promotes JNK activation
by interacting with JNKs and upstream kinases in vitro [37].
A recent study of jip1 gene-disrupted mice indicated that
JIP1 functions as JNK activation in vivo [38]. On the other
hand, it was also reported that the overexpression of the
JIP1-peptide which binds to JNK inhibits JNK signaling
[39]. Akt has been shown to antagonize the activity of the
JNK pathway [40,41]. It was reported that Akt is bound to
JIP1 and regulates JNK activity in neurons [20]. In this study,
active Akt was bound to JIP1 in the liver. Kim et al. showed
that Akt1 binding to JIP1 alters JIP1s ability to scaﬀold a
JNK signaling module in primary neurons [20] and JIP1 pro-
motes Akt activity via binding to Akt [42]. Therefore, the bind-
ing of active Akt to JIP1 may increase the binding of inactive
JNK to JIP1 in the liver.
In conclusion, ethanol induced activation of JNK and Akt
under inhibition of ADH, and activation of JNK was reduced
by an antioxidant. Expression of GRP78 mRNA was down-
regulated by ethanol loading via osmotic stress and oxidative
stress. Akt binding to JIP1 was active, while JNK binding to
JIP1 was inactive. These ﬁndings suggest that acute ethanol
activates JNK by oxidative stress produced via ethanol metab-
olism-independent pathway. We also suggested that assembly
of JIP1 and Akt1 may aﬀect the activation of JNK in liver.
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